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(54) Dielectric recording/reproducing head, dielectric recording medium unit, and dielectric 
recording/reproducing apparatus 



(57) A dielectric recording medium unit is provided 
with: the dielectric recording/ reproducing head; a track- 
ing mechanism of the dielectric recording / reproducing 
head; the dielectric recording medium placed facing to 
a probe of dielectric recording / reproducing head; and 
a X-Y stage for parallel-translating the dielectric record- 
ing medium. These components are stored in a pack- 
age. The package is provided with : an electrical connec- 
tion device for allowing the electrical connection with an 
external apparatus; and mechanicai connection devices 
for allowing the mechanical connection with the external 
apparatus. The dielectric recording / reproducing head 
is provided with: the probe; a return electrode for return- 
ing the electric field applied from the probe; an inductor 
placed between the probe and the return electrode; and 
an oscillator. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001 ] The present invention relates to a dielectric re- 
cording / reproducing head, a dielectric recording medi- 
um unit, and a dielectric recording / reproducing appa- 
ratus for recording information in or reproducing infor- io 
mation from microdomains in a dielectric substance, es- 
pecially in a ferroelectric substance, with high density. 

2. Description of the Related Art 

15 

[0002] Recently, many types of dielectric materials 
and piezoelectric materials have been developed, and 
most of them are used for ultrasonic elements, optical 
elements, a memory and the like. A method of measur- 
ing a spontaneous polarization distribution of the dielec- 20 
trie material or local anisotropy of the piezoelectric ma- 
terial has been also developed. Furthermore, by using 
such a method, some techniques of recording informa- 
tion in the dielectric material and reproducing the infor- 
mation from the dielectric material have recently been 25 
developed. 

[0003] As conventional techniques associated with 
high-density information recording / reproducing, there 
are magnetic recording, thermal recording and the like. 
Recently, ferroelectric recording was proposed as a new 30 
technique, and it is being developed now. 
[0004] I n the longitudinal recording of the magnetic re- 
cording, which is typically used in a hard disc drive 
(HDD), its recording density is limited to about 100 G 
bit/inch 2 due to thermal fluctuation. 35 
[0005] As the thermal recording, there are a method 
in which information is recorded in a recording medium 
made of polymer with a mircoheater formed at a probe 
tip, a method in which information is recorded in a re- 
cording medium made of a phase change material with 40 
an electron emission source, a method in which infor- 
mation is recorded in a recording medium made of a 
phase change material by using near-field light, and the 
like. However, these methods have the limitations of the 
recording density, which is between 500 G and 1 T bit/ 45 
inch 2 , due to intervening heat conduction. 
[0006] Furthermore, there is a system in which the fer- 
roelectric substance is used as a recording medium, in- 
formation is recorded in the ferroelectric substance by 
applying a voltage through a probe head, and the re- so 
corded information is reproduced by piezoelectric vibra- 
tion caused by the application of a voltage from the 
probe head. In this case, since a signal transfer rate in 
the reproduction is determined from the resonance fre- 
quency of a cantilever to which the probe head is at- 55 
tached, the maximum value may be only about several 
M bit/Sec. 

[0007] In addition, a published Japanese patent ap- 
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plication (Japanese Patent Application Laying Open 
NO. Hei 1 0-334525) discloses a technique related to an 
apparatus for recording information by moving electric 
charges to a position corresponding to a pin-shaped 
electrode on a recording medium by applying a voltage 
to the pin-shaped electrode, or by reversing spontane- 
ous polarization by applying a voltage to the pin-shaped 
electrode. However, in this technique, an optical lever 
method is used for reproducing information from a re- 
cording medium. Therefore, the reproducing rate is re- 
stricted by the resonance frequency of the pin-shaped 
electrode (a cantilever). Moreover, the above-men- 
tioned application also discloses a method of reproduc- 
ing information from a recording medium by using Scan- 
ning Capacitance Microscope. However, another meth- . 
od is required to improve a recording density, a repro- 
duction rate and accuracy of reproduction. Furthermore, 
it is required to increase a resolution when information 
recorded in the dielectric material is read. If the resolu- 
tion is increased, the recording density can be increased 
and the accuracy of reproduction can be improved. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention 
to provide a dielectric recording / reproducing head, a 
dielectric recording medium unit, and a dielectric record- 
ing / reproducing apparatus, which realize the downsiz- 
ing of the recording / reproducing head and the improve- 
ment of a recording density and a recording / reproduc- 
ing rate. 

[0009] The above object of the present invention can 
be achieved by a dielectric recording / reproducing head 
provided with: a first electrode for applying a high fre- 
quency signal to a dielectric material of a dielectric re- 
cording medium; a second electrode for returning the 
high frequency signal applied to the dielectric material 
by the first electrode; an inductor placed between the 
first electrode and the second electrode; and an oscilla- 
tor for generating the h igh frequency signal having a fre- 
quency determined by an inductance of the inductor and 
a capacitance including a capacitance corresponding to 
a nonlinear dielectric constant of the dielectric material 
just under the first electrode. The first electrode, the sec- 
ond electrode, the inductor and the oscillator are assem- 
bled in a continuous space. 

[0010] This dielectric recording / reproducing head re- 
produces the information from the dielectric recording 
medium according to SNDM (Scanning Nonlinear Die- 
lectric Microscopy) method. The SNDM method is intro- 
duced in detail by the present inventor, Yasuo Cho, in 
Oyo Butsuri Vol. 67, No. 3, p327 (1998). 
[001 1] Information (e.g. digital data) is recorded in the 
dielectric material of the dielectric recording medium. 
The information is recorded as the polarization direc- 
tions of the dielectric material. When the information is 
read and reproduced from the dielectric recording me- 
dium, a direct current bias voltage or an alternating cur- 
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rent voltage is applied to the dielectric material. In this 
state, the high frequency signal is applied to the dielec- 
tric material of the dielectric recording medium through 
the first electrode. By applying the direct current bias 
voltage (or the alternating current voltage) and the high 5 
frequency signal, the high frequency electric field is gen- 
erated in the dielectric material. The high frequency 
electric field is smaller than the coercive electric field of 
the dielectric material. The high frequency signal is re- 
turned to the second electrode through the dielectric 10 
material. The frequency of the high frequency signal is 
determined by the inductance of the inductor and the 
capacitance between the first electrode and the second 
electrode through the dielectric material. Namely, the in- 
. ductance of the inductor and the capacitance between 15 
the first electrode and the second electrode constitute 
a resonance circuit. The resonance frequency of the 
resonance circuit is the frequency of the high frequency 
signal. The capacitance between the first electrode and 
the second electrode includes the capacitance corre- 20 
sponding to the nonlinear dielectric constant of the die- 
lectric material just under the tip of the first electrode. 
The nonlinear dielectric constant of the dielectric mate- 
rial varies with the polarization direction of the dielectric 
material. Since the polarization direction of the dielectric 25 
material corresponds to the recorded information, the 
capacitance between the first electrode and the second 
electrode changes according to the recorded informa- 
tion. According to the change of the capacitance, the 
frequency of the high frequency signal changes. The 30 
change of the frequency of the high frequency signal is 
detected, so that the recorded information is repro- 
duced. In the SNDM method, the change of the capac- 
itance corresponding to the nonlinear dielectric constant 
of the dielectric material is directly detected. Therefore, 35 
resolution about reproduction of information is very high. 
[0012] In the dielectric recording / reproducing head 
of the present invention, the first electrode, the second 
electrode, the inductor and the oscillator are assembled 
in a continuous space. For example, these members are *o 
assembled in one small space located on or above a 
recording surface of the dielectric recording medium. In 
this small space, these members are arranged close to 
each other, and these are electrically connected with 
each other by conductive materials in such a condition 45 
that the resonance circuit or the high frequency oscilla- 
tion circuit is constructed. In the resonance circuit or the 
high frequency oscillation circuit, the route that the high 
frequency signal is returned is formed between the tip 
of the first electrode and the second electrode through so 
the inside of the dielectric material of the dielectric re- 
cording medium. This route is an imaginary line through 
which electric signals pass. In order to detect the slight 
change of the capacitance corresponding to the nonlin- 
ear dielectric constant of the dielectric material, it is pref- 55 
erable that the length of the route that the high frequency 
signal is returned is short (i.e. the distance between the 
first electrode and the second electrode is short.). Ac- 



cording to the dielectric recording / reproducing head of 
the present invention, the first electrode and the second 
electrode are arranged in the continuous and small 
space. Therefore, the route that the high frequency sig- 
nal is returned can be shortened. 
[0013] On the other hand, when information is record- 
ed in the dielectric material of the dielectric recording 
medium, a recording signal containing the information 
to be recorded, such as a pulse signal, is applied to the 
dielectric material through the first electrode or another 
electrode which is used for recording only. Alternatively, 
the recording signal may be applied through an elec- 
trode which is formed on the back surface of the dielec- 
tric material. The recording signal has a voltage that it 
is possible to generate an electric field larger than the 
coercive electric field of the dielectric material. There- 
fore, the polarization directions of the dielectric material 
are changed according to the information contained in 
the applied recording signal. Thereafter, these polariza- 
tion directions are kept due to spontaneous polarization 
of the dielectric (ferroelectric) material. 
[0014] With respect to the shape of the first electrode, 
a pin shape or needle-shape, a cantilever-shape, and 
the like can be adopted as specific structures of the first 
electrode. The first electrode having these shapes is col- 
lectively referred to as the "probe" in the present appli- 
cation as occasion demands. 
[0015] In one aspect of the dielectric recording / re- 
producing head of the present invention, the first elec- 
trode, the second electrode and the oscillator are as- 
sembled on a single solid substance. 
[0016] According to this aspect, they are placed so 
closely that the extremely compact dielectric recording 
/ reproducing head can be constructed in the common 
structure. Furthermore, the short route that the high fre- 
quency signal returns can be formed. 
[0017] The above object of the present invention can 
be achieved by a dielectric recording / reproducing head 
provided with: a plurality of first electrodes for applying 
high frequency signals to a dielectric material of a die- 
lectric recording medium respectively; a second elec- 
trode for returning the high frequency signals applied to 
the dielectric recording medium by the plurality of first 
electrodes; an inductor placed between the plurality of 
first electrodes and the second electrode; an oscillator 
for generating the high frequency signals each having 
a frequency determined by an inductance of the inductor 
and a capacitance including a capacitance correspond- 
ing to a nonlinear dielectric constant of the dielectric ma- 
terial just under respective one of the plurality of first 
electrodes; and a low-cut filter placed between the os- 
cillator and a signal supply source for supplying a plu- 
rality of signals to the plurality of first electrodes respec- 
tively. In this head, the plurality of first electrodes, the 
second electrode, the inductor, the oscillator and the 
low-cut filter are assembled in a continuous space. 
[0018] In this head, the number of the first electrodes 
is more than two. For example, several, several tens of, 
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several hundreds of or several thousands of first elec- 
trodes may be placed in the head. For example, these 
first electrodes constitute a multi-probe array. When in- 
formation recorded in the dielectric recording medium is 
read and reproduced, all of the first electrodes in the 
array or the first electrodes partially selected from the 
array are used. Like the above-mentioned dielectric re- 
cording / reproducing head of single electrode type, the 
SNDM method is used for reproduction of information. 
[0019] In the dielectric recording / reproducing head 
of the present invention, the first electrodes, the second 
electrode, the inductor, the oscillator and the low-cut fil- 
ter are assembled in a continuous space. For example, 
these members are assembled in one small space lo- 
cated on or above a recording surface of the dielectric 
recording medium. In this small space, these members 
are arranged close to each other, and these are electri- 
cally connected with each other by conductive materials 
in such a condition that the resonance circuit or the high 
frequency oscillation circuit is constructed. Especially, 
since the first electrodes, the dielectric material and the 
second electrodes are located close to each other, the 
short route that the high frequency signals return can be 
formed. 

[0020] The low-cut filter is used to prevent the record- 
ing signals, the direct current bias voltages or the alter- 
nating current voltages from flowing into the oscillator 
It is preferable that the low-cut filter contains low-cut fil- 
ter units (e.g. the units each constructed by an inductor 
and a capacitance) whose number is corresponding to 
the number of the first electrodes, for example. 
[0021] In one aspect of the dielectric recording / re- 
producing head of the present invention, the first elec- 
trodes, the second electrode, the oscillator and the low- 
cut filter are assembled on a single solid substance. 
[0022] According to this aspect, they are placed so 
closely that the extremely compact dielectric recording 
/ reproducing head can be constructed in the common 
structure. Furthermore, the short route that the high fre- 
quency signal(s) returns can be formed. 
[0023] In another aspect of the dielectric recording / 
reproducing head of the present invention, the size of 
the dielectric recording / reproducing head is smaller 
than the wavelength of the high frequency signal, and 
said size is smaller than 30 mm. 
[0024] According to this aspect, there are broad op- 
tions in the conditions of impedance matching, and thus 
it is possible to facilitate the impedance matching. For 
example, if the frequency of the high frequency signal 
(i.e. the resonance frequency of the resonance circuit) 
is 1 GHz, the wavelength is about 30 cm. In this case, 
the size of the head is a 30 mm or less than 30 mm cube. 
If the frequency is low, the wavelength is long. In this 
case, the size of the head is 30 mm or less than 30 mm. 
In this manner, if the head size is smaller than the res- 
onance frequency, it is possible to facilitate the imped- 
ance matching, and thus it is possible to make it easy 
to design the head, place and adjust components, and 
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the like. 

[0025] In another aspect of the dielectric recording / 
reproducing head of the present invention, all of or a part 
of the constitutional members of the dielectric recording 

5 I reproducing head are integrated. 

[0026] According to this aspect, the first electrode or 
electrodes, the second electrode, the inductor, the os- 
cillator, and further the filter, which are the constitutional 
members of the dielectric recording / reproducing head, 

10 are integrated by, for example, a Monolithic Microwave 
Integrated Circuits (MMIC) technique to form the ex- 
tremely compact head. 

[0027] The above object of the present invention can 
be achieved by a dielectric recording medium unit pro- 
's vided with: a dielectric recording / reproducing head; a 
dielectric recording medium provided with a dielectric 
material; and a package for enclosing the dielectric re- 
cording/reproducing head and the dielectric recording 
medium. 

20 [0028] As the dielectric recording / reproducing head 
in this unit, the above-mentioned dielectric recording / 
reproducing head of single electrode type or multi-elec- 
trode (multi-probe) array type may be used. 
[0029] According to the dielectric recording medium 

25 unit of the prevent invention, there are packaged the 
head for recording / reproducing and the recording me- 
dium provided with the dielectric material or materials. 
Attaching this package to or detaching it from the re- 
cording / reproducing apparatus body allows the han- 

30 dling, such as exchange of the recording medium. Since 
the head and the medium are always in pairs, the unit 
is excellent in stability. 

[0030] In one aspect of the dielectric recording medi- 
um unit of the prevent invention, the dielectric recording 
35 medium is provided with: a substrate; and at least two 
dielectric material membranes which are formed on one 
surfaceand an opposite surface of thesubstrate respec- 
tively. 

[0031] According to this aspect, the recording medi- 
40 urn has a larger storage capacity than that of a recording 
medium having the dielectric material on its one side. 
[0032] In another aspect of the dielectric recording 
medium unit of the prevent invention, the dielectric ma- 
terial is a ferroelectric material. 
45 [0033] According to this aspect, the ferroelectric ma- 
terial is used for the medium material. The ferroelectric 
material is a dielectric material in which the direction of 
the spontaneous polarization is changed by applying a 
voltage and the directions of the polarization maintain 
so in the condition that the applied voltage is zero. 

[0034] In another aspect of the dielectric recording 
medium unit of the prevent invention, the ferroelectric 
material is LiTa03. 

[0035] According to this aspect, as the medium ma- 
55 terial, LiTa0 3 is used in which the polarization can be 
easily reversed even by the application of an electric 
field with the probe because of its low dielectric con- 
stant. It is possible to easily construct the unit by a pre- 



EP 1 369 864 A2 



4 



t 



7 



EP 1 369 864 A2 



8 



determined method so as to be in such a form of the 
dielectric recording medium that recording is performed 
with respect to the Z surface of the LiTa0 3 , where a plus 
surface and a minus surface of the polarization are in a 
180-degree domain relationship. 5 
[0036] In another aspect of the dielectric recording 
medium unit of the prevent invention, the dielectric re- 
cording medium unit further includes a moving device 
for linearly moving either of the dielectric recording me- 
dium and the first electrode of the dielectric recording / 10 
reproducing head. 

[0037] According to this aspect, either the recording 
medium or the head is mounted on a X-Y stage or the 
like to perform the two-dimensional linear movement. 
Data is recorded linearly in the recording medium. is 
[0038] In another aspect of the dielectric recording 
medium unit of the prevent invention, the dielectric re- 
cording medium unit further includes a rotating device 
for rotating the dielectric recording medium. 
[0039] According to this aspect, the recording medi- 20 
urn is formed in a disc shape, and the rotation of this 
recording medium allows the relative movement to the 
head. 

[0040] In another aspect of the dielectric recording 
medium unit of the prevent invention, the dielectric re- 25 
cording medium unit further includes a tracking device 
for enabling the first electrode of the dielectric recording 
/ reproducing head to track an information track record- 
ed in the dielectric recording medium. 
[0041] According to this aspect, the probe or probes so 
of the head can accurately trace on the track of the re- 
cording medium. 

[0042] In another aspect of the dielectric recording 
medium unit of the prevent invention, the first electrode 
of the dielectric recording / reproducing head and the 35 
dielectric material of the dielectric recording medium are 
placed with a predetermined space. 
[0043] According to this aspect, the probe or probes 
of the head and the recording medium are not touched, 
so that the durability of the probe or probes and the re- 40 
cording medium improves. 

[0044] In another aspect of the dielectric recording 
medium unit of the prevent invention, a lubricant is pro- 
vided between the first electrode of the dielectric record- 
ing / reproducing head and the dielectric material of the 45 
dielectric recording medium. 

[0045] According to this aspect, the lubricant is pro- 
vided between them, so that the durability of the probe 
or probes and the recording medium improves more. 
[0046] In another aspect of the dielectric recording 50 
medium unit of the prevent invention, the lubricant is an 
insulating material. 

[0047] According to this aspect, with respect to the 
probe or probes, the insulation performance from other 
conductive members is ensured while an electric field 55 
corresponding to recording data is applied to the dielec- 
tric material. 

[0048] In another aspect of the dielectric recording 



medium unit of the prevent invention, the lubricant is a 
fluorinated lubricant. 

[0049] According to this aspect, the fluorinated lubri- 
cant is used as the lubricant, which has an excellent lu- 
bricating ability and which is chemically stable. 
[0050] In another aspect of the dielectric recording 
medium unit of the prevent invention, the package is 
filled with an inert gas. 

[0051] According to this aspect, the chemical stability 
of the probe, the recording medium, and the like en- 
closed in the package improves. 
[0052] In another aspect of the dielectric recording 
medium unit of the prevent invention, the package com- 
prises a vibration proof device for cutting off vibration 
transmitted from the outside of the dielectric recording 
medium unit. 

[0053] According to this aspect, even in the environ- 
ment with much external vibration, such as with mount- 
ing the unit on a vehicle or the like, it is possible to re- 
duce the transmission of the vibration to the mechanism 
devices in the package, and thus data can be recorded 
/ reproduced with less error. 
[0054] In another aspect of the dielectric recording 
medium unit of the prevent invention, the package com- 
prises an electrical connection device detachable to an- 
other member. 

[0055] According to this aspect, ft is possible to easily 
take the electrical connection of the dielectric recording 
medium unit to a case of another apparatus provided 
with a power supply circuit, a processing circuit, and the 
like, or it is possible to separate it from the case. This 
ensures the replaceabillty of the dielectric recording me- 
dium unit with respect to the apparatus. 
[0056] The above object of the present invention can 
be achieved by a dielectric recording / reproducing ap- 
paratus for recording information in a dielectric record- 
ing medium and for reproducing the information from the 
dielectric recording medium. This apparatus is provided 
with: a dielectric recording medium unit comprising a di- 
electric recording / reproducing head, a dielectric re- 
cording medium, and a package for enclosing the die- 
lectric recording / reproducing head and the dielectric 
recording medium; an alternating current signal gener- 
ation device for generating an alternating current signal 
whose frequency is lower than a frequency of a high fre- 
quency signal to generate an alternating electric field in 
a dielectric material of the dielectric recording medium; 
an information processing device for processing the in- 
formation to be recorded in the dielectric recording me- 
dium and the information reproduced from the dielectric 
recording medium; a control signal generation device for 
generating control signals for the dielectric recording 
medium unit; and a driving device for driving the dielec- 
tric recording medium unit on the basis of the control 
signals by the control signal generation device. 
[0057] According to the dielectric recording / repro- 
ducing apparatus of the present invention, it uses the 
above-described dielectric recording medium unit (in- 
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eluding its various aspects) as the recording medium 
having the replaceability and is provided with the unit 
and an apparatus provided with various electrical devic- 
es for performing the recording / reproducing operations 
of this dielectric recording medium unit. The dielectric 5 
recording medium unit and the apparatus can be at- 
tached or detached by a mechanical connection device 
having a detachable structure. Moreover, a mechanism 
device for attaching the dielectric recording / reproduc- 
ing apparatus to another or other apparatuses may be 10 
also provided. 

[0058] In one aspect of the dielectric recording / re- 
producing apparatus of the prevent invention, the die- 
lectric recording / reproducing apparatus further in- 
cludes a semiconductor memory for temporarily storing is 
the information to be recorded in the dielectric recording 
medium or the information reproduced from the dielec- 
tric recording medium. 

[0059] According to this aspect, data to be recorded 
in the dielectric recording medium or reproduced data 20 
can be temporarily stored in this semiconductor memo- 
ry. While considering the timing for recording /reproduc- 
ing, the data is sequentially transmitted to the head, or 
the data is outputted to the exterior. The semiconductor 
memory is also used as a data memory device for for- 25 
matting, encrypting, and decoding data. 
[0060] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 
ing detailed description with reference to preferred em- 
bodiments of the invention when read in conjunction so 
with the accompanying drawings briefly described be- 
low. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0061] 

FIG. 1 is a schematic diagram showing a first em- 
bodiment of a dielectric recording / reproducing 
head of the present invention; *o 
FIG. 2 is a schematic diagram to explain information 
recording / reproducing with respect to a dielectric 
substance; 

FIG. 3 is a schematic diagram showing a second 
embodiment of the dielectric recording / reproduc- 45 
ing head of the present invention; 
FIG. 4 is a schematic diagram showing a first em- 
bodiment of a dielectric recording medium unit of 
the present invention; 

FIG. 5 is a schematic diagram showing a second so 
embodiment of the dielectric recording medium unit 
of the present invention; 

FIG. 6 is a schematic diagram showing one exam- 
ple of a disc-shaped recording medium with ferroe- 
lectric recording layers provided for its both sides; 55 
FIG. 7 is a schematic diagram showing such a con- 
dition that a lubricant is filled between the recording 
layer of the dielectric substance and a probe; 
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FIG. 8 is a schematic diagram showing a structure 
example of a dielectric recording / reproducing ap- 
paratus using the first embodiment of the dielectric 
recording medium unit; 

FIG. 9 is a schematic diagram showing a structure 
example of a dielectric recording / reproducing ap- 
paratus using the second embodiment of the die- 
lectric recording medium unit; and 
FIG. 1 0 is a block diagram showing the structure of 
a circuit block of the dielectric recording / reproduc- 
ing apparatus associated with the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment of Dielectric Recording / 
Reproducing Head) 

[0062] The first embodiment of the dielectric record- 
ing / reproducing head associated with the present in- 
vention will be explained with reference to FIG. 1 and 
FIG. 2. 

[0063] As shown in FIG. 1 , a dielectric recording / re- 
producing head 1 is provided with: a probe 11 for apply- 
ing an electric field with its tip portion facing to a dielec- 
tric material of a dielectric recording medium; a return 
electrode 12 for returning the electric field applied from 
the probe 11; an inductor L placed between the probe 
11 and the return electrode 12; and an oscillator 13 
which oscillates at a resonance frequency determined 
from at least the inductor L and a capacitance (e.g. a 
capacitance Cs in FIG. 2) in a portion formed in the di- 
electric material just under the probe 11 and polarized 
correspondingly to record information. These constitu- 
tional elements are formed in one piece in a common 
base material 18. 

[0064] The probe 11 is a conductive member, or an 
insulating member coated with a conductive film. The 
tip portion facing to the dielectric material is hemispher- 
ical, having a predetermined radius. This radius is an 
important factor in determining the radius of a polariza- 
tion formed in the dielectric material correspondingly to 
record data and determines the recording density, so it 
is extremely small, on the order of 10 nm. Data is re- 
corded by applying a voltage to this probe 1 1 to form in 
the dielectric material a domain polarized in a predeter- 
mined direction, while the recorded data is picked up on 
the basis of the capacitance corresponding to the polar- 
ization. 

[0065] The return electrode 12 is an electrode for re- 
turning the electric field applied to the dielectric material 
from the probe 11 and is placed so as to surround the 
probe 1 1 . Incidentally, the return electrode 12 is not lim- 
ited to an illustrated ring-shape, and any form may be 
used if shaped and placed to allow the return of the elec- 
tric field from the probe 11 without resistance. 
[0066] The inductor L is placed between the probe 1 1 
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and the return electrode 12, and may be formed with a 
microstripline, for example. The inductor L and the ca- 
pacitance Cs constitute a resonance circuit. The induct- 
ance of the inductor L is determined so that this reso- 
nance frequency, f = 1/2rt VLCs, is about 1 GHz, for ex- 5 
ample. Actually, not only the capacitance Cs but also a 
so-called stray capacitance or floating capacitance CO 
influences the resonance frequency f . Therefore, the ca- 
pacitive component of the resonance circuit actually in- 
cludes the stray capacitance CO. Namely, the actual ca- io 
pacitive component is Cs + CO. However, since the re- 
cording / reproducing head of the present Invention 
takes a structure for compact placement in view of the 
stray capacitance CO, the CO can be assumed to be 
practically a constant when reproducing a signal by the 15 
SNDM. The change of the resonance frequency f ac- 
cording to a capacitance change A Cs of the Cs is useful 
for the signal reproduction, Thus, the resonance fre- 
quency f may be simply expressed as a function of the 
capacitance Cs and the inductor L. 20 
[0067] The oscillator 13 is an oscillator which oscil- 
lates at a frequency determined from the inductor L and 
the capacitance Cs. The oscillation frequency varies, 
depending on the change of the capacitance Cs. There- 
fore, frequency modulation (FM modulation) is per- 25 
formed correspondingly to the change of the capaci- 
tance Cs determined by the polarization domain corre- 
sponding to recorded data. By demodulating this FM 
modulation, it is possible to read the recorded data. 
[0068] The base material 1 8 is equipped in one piece 30 
with and holds the probe 1 1 , the return electrode 1 2, the 
inductor L and the oscillator 13. The base material 18 
may be made of an electric conductor and may be made 
into a case shape, so as to have an effect of electro- 
magnetic wave cut-off. 35 
[0069] The size of the head 1 is smallerthan the wave- 
length of the resonance frequency (i.e. the oscillation 
frequency of the oscillator 13). If the wavelength of the 
resonance frequency is longer than 30 mm, the size of 
the head 1 is 30 mm or less than 30 mm. For example, 40 
if the resonance frequency is 1 GHz, the wavelength is 
about 30 cm, so that the head size will be an about 30 
mm cube. If the frequency is low, the wavelength is sub- 
stantially long, so that the head size will be 30 mm or 
less than 30 mm. If the head size is smaller than the 45 
oscillation frequency of the oscillator 13, it is possible to 
facilitate impedance matching. Thus, it is possible to de- 
sign the head 1 easily, and it is possible to place and 
adjust the components of the head 1 easily. 
[0070] Incidentally, if there is only one probe 1 1 , the 50 
head can take the following two forms: one is that record 
data and an alternating current (AC) signal superim- 
posed thereon are applied to the dielectric recording 
medium side with the probe 11 earthed; and the other 
is that record data and an AC signal superimposed ther- 55 
eon are applied to the probe 11 with the dielectric re- 
cording medium side earthed. 
[0071] Now, the relationship among the probe 11 , the 



return electrode 12 and the dielectric recording medium 
is explained with reference to FIG. 2. A dielectric record- 
ing medium 20 is provided with: a substrate 1 5; an elec- 
trode 1 6 placed on the substrate 1 5; and a dielectric ma- 
terial 17 placed on the electrode 16. The directions of 
polarizations P of the dielectric material 1 7 corresponds 
to record data. A ferroelectric substance, e.g. LiTa0 3 
may be used as the dielectric material 1 7. The Z surface 
of LiTa0 3 may be used as a recording surface for re- 
cording the record data. In the Z surface, a plus surface 
and a minus surface of the polarization are in a 180-de- 
gree domain relationship. 

[0072] The probe 1 1 touches the dielectric material 
17, or faces to it with a small space. Corresponding to 
the radius of the tip portion of the probe 1 1 , a polarization 
domain is constructed in the dielectric material 17. If a 
voltage is applied to this probe 11, an electric field re- 
turns to the return electrode 1 2 via the dielectric material 
1 7. At this time, the capacitance Cs, which corresponds 
to a polarization P in the dielectric material 1 7 on or un- 
der the tip portion of the probe 11, participates in the 
resonance circuit made with the inductance L. By this, 
the oscillation frequency comes to depend on the ca- 
pacitance Cs. By demodulating an oscillation signal 
which is FM-modulated on the basis of this capacitance 
Cs, a detection voltage shown in FIG. 2 is outputted, 
and the recorded data is reproduced. On the other hand, 
in data recording, the recording is performed by applying 
a voltage corresponding to the data to the probe 11 and 
thus determining the polarization direction of the dielec- 
tric material 17. The voltage applied to the probe 11 at 
this time has a high level so as to generate an electric 
field stronger than the coercive electric field of the die- 
lectric material. 

(Second Embodiment of Dielectric Recording/ 
Reproducing Head) 

[0073] The second embodiment of the dielectric re- 
cording / reproducing head associated with the present 
invention will be explained with reference to FIG. 3. 
[0074] A dielectric recording / reproducing head 2 is 
provided with: a plurality of probes 11a, 11band 11c for 
applying electric fields with their tip portions facing to 
dielectric materials of a dielectric recording medium; the 
return electrode 12 for returning the electric fields ap- 
plied from the probes 11a 11b and 11c; the inductor L 
placed between the probes 11a 11 band 11c and there- 
turn electrode 1 2; inductors La, Lb, Lc and capacitances 
Ca, Cb, Cc, which constitute the low cut (LC) filters; and 
the oscillator 13 which oscillates at a resonance fre- 
quency determined from the inductor L and the capaci- 
tances Cs in portions formed on the dielectric materials 
just under the probes 11a 11b and 11c and polarized 
correspondingly to record data. These constitutional el- 
ements are formed in one piece in the common base 
material 18. 

[0075] The probes 11a 11b and 11c are conductive 
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members, or Insulating members coated with a conduc- 
tive film. The tip portion facing to the dielectric material 
is hemispherical, having a predetermined radius. Since 
this radius is an important factor in determining the ra- 
dius of the polarization formed in the dielectric material 5 
corresponding to record data, and thus determines the 
recording density, it is extremely small, on the order of 
10 nm. Data is recorded by applying voltages to these 
probes 1 1 a, 11 b and 1 1 c to form, in the dielectric mate- 
rials, domains polarized in predetermined directions. On 10 
the other hand, the recorded data is picked up on the 
basis of the capacitance corresponding to the polariza- 
tion. Incidentally, the number of the probes is not limited 
to three as illustrated in FIG. 3. 

[0076] The return electrode 12 is an electrode for re- is 
turning the high-frequency electric fields applied to the 
dielectric material from the probes 1 1 a, 1 1 b and 1 1 c, and 
is placed so as to surround the probes 1 1 a, 1 1 b and 1 1 c 
Incidentally, the return electrode 12 is not limited to an 
illustrated ring-shape, and any form may be used if 20 
shaped and placed to allow the return of the high-fre- 
quency electric fields from the probes 1 1 a, 1 1 b and 1 1 c 
without resistance. 

[0077] The inductor L is placed between the probes 
11a, 11b and 11c and the return electrode 12, and may 25 
be formed with a microstripline, for example. The induc- 
tor L and the capacitance Cs constitute a resonance cir- 
cuit. The inductance of the inductor L is determined such 
that this resonance frequency, f = 1/27C V LCs, is about 
1 GHz, for example. 30 
[0078] The oscillator 13 is an oscillator which oscil- 
lates at a frequency determined from the inductor L and 
the capacitances Cs. The oscillation frequency depends 
on the change of the capacitance Cs. Therefore, FM 
modulation is performed correspondingly to the change 35 
of the capacitance Cs determined by the polarization do- 
main corresponding to recorded data. Since each of the 
probes is oscillated and is superimposed at the respec- 
tive one of the capacitances Cs in the polarization state, 
different AC signals are separately applied to the 40 
probes. On the basis of these AC signals, coherent de- 
tection is performed to separate a signal reproduced by 
each probe. 

[0079] The inductors La, Lb, Lc and the capacitances 
Ca, Cb, Cc constitute the LC filters for preventing AC 45 
signals and data, both of which are applied to the relative 
probes, from interfering with the oscillator 1 3. This is be- 
cause in using the plurality of probes, it is necessary to 
apply to each probe record data and an AC signal for 
coherent detection on reproduction, and this signal so 
needs to be prevented from leaking to the oscillator 13. 
[0080] The base material 1 8 is equipped in one piece 
with and holds: the probes 11a, 11b and 11c; the return 
electrode 12; the inductor L; the inductors La, Lb and 
Lc; the capacitances Ca, Cb and Cc; and the oscillator 55 
13. The base material 18 may be made of an electric 
conductor and may be made into a case shape, so as 
to have an effect of electromagnetic wave cut-off. More- 
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over, the inductors La, Lb and Lc may be placed out of 
the base material 18. 

[0081 ] The size of the head 2 is smaller than the wave- 
length of the resonance frequency (i.e. the oscillation 
frequency of the oscillator 13). If the wavelength of the 
resonance frequency is longer than 30 mm, the size of 
the head 2 is 30 mm or less than 30 mm. For example, 
if the resonance frequency is 1 GHz, the wavelength is 
about 30 cm, so that the head size will be an about 30 
mm cube. If the frequency is low, the wavelength is sub- 
stantially long, so that the head size will be 30 mm or 
less than 30 mm. If the head size is smaller than the 
oscillation frequency of the oscillator 1 3, it is possible to 
facilitate impedance matching. Thus, it is possible to de- 
sign the head 2 easily, and it is possible to place and 
adjust the components of the head 2 easily. 
[0082] The dielectric recording / reproducing heads in 
the first and second embodiments integrate all of or a 
part of their respective constitutional members by in- 
cluding them in a circuit by integration technique, e.g. 
the Monolithic Microwave Integrated Circuits (MMIC) 
technique. For example, they integrate in one piece the 
probe or probes; a holding device for holding the probe 
or probes; a mechanism device such as the return elec- 
trode; and an electric circuit device including the induc- 
tor, the oscillator, and further the filter. By this integra- 
tion, it is possible to form a small, light, and high-per- 
formance dielectric recording / reproducing head. 

(First Embodiment of Dielectric Recording Medium Unit) 

[0083] The first embodiment of the dielectric record- 
ing medium unit associated with the present invention 
will be explained with reference to FIG. 4. In this embod- 
iment, the dielectric recording / reproducing head 1, 
which is explained in the first embodiment of the dielec- 
tric recording / reproducing head, and the dielectric re- 
cording medium 20 are enclosed in a package. In this 
package, a moving mechanism for moving the dielectric 
recording / reproducing head 1 or the dielectric record- 
ing medium 20 in the X-Y direction may is installed. The 
unit is detachable and replaceable. 
[0084] In a dielectric recording medium unit 3, the di- 
electric recording/ reproducing head 1 ; a tracking mech- 
anism 14 of the dielectric recording / reproducing head 
1 ; the dielectric recording medium 20 placed facing to 
the probe 11 of dielectric recording / reproducing head 
1 ; and a X-Y stage 21 for parallel-translating the dielec- 
tric recording medium 20 are installed in a package 19. 
Moreover, the package 1 9 is provided with: an electrical 
connection device 22 for allowing the electrical connec- 
tion with an external apparatus; and mechanical con- 
nection devices 23 for allowing the mechanical connec- 
tion with the external apparatus. 
[0085] The tracking mechanism 14 is a mechanism 
for the probe 11 tracing recording tracks of the dielectric 
recording medium 20. On the basis of a tracking error 
signal detected from a signal reproduced by the probe 
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11 , the position of the dielectric recording / reproducing 
headl or the direct position of the probe 11 is controlled. 
[0086] The X- Y stage 21 mounts thereon the dielectric 
recording medium 20 and determines the position of the 
dielectric recording medium 20. It precisely feeds the di- s 
electric recording medium 20 having a plurality of linear 
tracks in the track direction and perpendicular to it and 
determines a recording / reproducing position. 
[0087] The electrical connection device 22 is attached 
to the package 1 9 and electrically connects the external 
apparatus with the return electrode 12 and the oscilla- 
tion 13, the tracking mechanism 14, the electrode 1 6 of 
the dielectric recording medium 20, the X-Y stage 21 
and the like. 

[0088] The mechanical connection devices 23 are at- 
tached to the package 19. The dielectric recording me- 
dium unit 3 can be mechanically connected with the ex- 
ternal apparatus through the mechanical connection de- 
vice 23. It is also possible to construct in one piece the 
electrical connection device 22 and the mechanical con- 
nection devices 23 to take the electrical connection by 
a mechanical attachment operation. Moreover, the me- 
chanical connection device 23 is provided with a vibra- 
tion proof structure so that vibration from the external 
apparatus is not transmitted to the package 19, which 
prevents malfunction of the dielectric recording medium 
unit 3 due to the vibration. This can be applied to a de- 
vice for a vehicle. 

[0089] The package 19 is filled with an inert gas 24 
such as nitrogen, so that it is possible to maintain such 
a stable condition that any chemical change is not gen- 
erated on the surfaces of the probe 11 and the dielectric 
recording medium 20 within the package 19. 
[0090] Incidentally, the dielectric recording/ reproduc- 
ing head 1 may be replaced with the dielectric recording 
/ reproducing head 2 shown in FIG. 3. In this case, it is 
necessary to provide an application device for applying 
an AC signal for coherent detection supplied to each 
probe. 

(Second Embodiment of Dielectric Recording Medium 
Unit) 

[0091] The second embodiment of the dielectric re- 
cording medium unit associated with the present inven- 
tion will be explained with reference to FIG. 5 to FIG. 7. 
In this embodiment, the dielectric recording / reproduc- 
ing head 1 , which is explained in the first embodiment 
of the dielectric recording / reproducing head, and a di- 
electric recording medium 25 are enclosed in a package 
with them being rotatable. The unit is detachable and 
replaceable. 

[0092] As shown in FIG. 5, a dielectric recording me- 
dium unit 4 associated with this embodiment differs from 
the dielectric recording medium unit 3 explained in the 55 
first embodiment, in using the disk-shaped dielectric re- 
cording medium 25 as a recording medium and rotating 
the dielectric recording medium 25 by using a motor 26 



to perform recording / reproducing. The explanations of 
the same constitutional elements are omitted. 
[0093] The disk-shaped dielectric recording medium 
25 has thereon concentric recording tracks or spiral re- 
cording tracks, and is rotated by the motor 26 at the pre- 
determined number of revolutions. The dielectric re- 
cording / reproducing head 1 is moved by a slider 27 in 
the radial direction of the dielectric recording medium 
25, thereby controlling its position. Moreover, tracking 
can be performed by controlling the dielectric recording 
/ reproducing head 1 to move in the disc diameter direc- 
tion using the slider 27 with respect to low frequency 
components, and by directly controlling the position of 
the probe 11 with respect to high frequency compo- 
nents, on the basis of a tracking error signal detected 
from a signal reproduced by the probe 11 . 
[0094] Incidentally, the dielectric recording / reproduc- 
ing head 1 may be replaced with the dielectric recording 
/ reproducing head 2 shown in FIG. 3. In this case, it is 
necessary to provide an application device for applying 
an AC signal for coherent detection supplied to each 
probe. In addition to the X-Y stage for controlling a re- 
cording / reproducing position, it is possible to provide 
a Z-direction adjustment mechanism for controlling the 
contact pressure of the recording medium and the probe 
or controlling the space of them. 
[0095] With regard to the dielectric recording medium 
25, as shown in FIG. 6, there is a dielectric recording 
medium 25a having dielectric materials 1 7d and 1 7e on 
its both sides. Sandwiching a substrate 1 5 of the central 
layer, there are electrodes 16d and 16e. On the respec- 
tive surfaces, there are placed recording / reproducing 
layers, which are the dielectric materials 17d and 17e. 
The electrodes 16d and 16e are electrically connected 
with each other via a rotating shaft 27 of the motor 26. 
From the rotating shaft 27, it is possible to input a signal 
and earth via a slip ring, for example. 
[0096] FIG. 7 shows that the probe 11 faces to the di- 
electric material 17 with a distance do. A lubricant 38 is 
applied on the dielectric material 17, and it is filled the 
small space between the tip of the probe 1 1 and the sur- 
face of the dielectric material 17. As the lubricant 38, an 
insulating fluorinated lubricant may be preferably used, 
for example, preventing the abrasion of the probe 1 1 and 
the dielectric material 17. Incidentally, it is also possible 
to take the same structure in the dielectric recording me- 
dium unit 3. 

[0097] The dielectric recording media 20 and 25 and 
the probe 11 need to relatively move for recording / re- 
producing. However, the dielectric recording medium 25 
is rotated by a rotation device, for example, or the die- 
lectric recording medium 20 is linearly moved by the X-Y 
stage 21 on a plane surface. At this time, the probe 11 
needs to be held facing to the dielectric recording me- 
dium 20 or 25. 

[0098] As a means to hold it, a suspension arm used 
as in the HDD may be used. In this case, in order to 
reduce the inertia of the suspension arm, the probe 11 
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and the oscillator 1 3 are separated, and are placed such 
that the center of the gravity is on the rotating shaft of 
the suspension arm. If the probe 11 and the oscillator 
1 3 are not separated, the balance weight is placed on 
the opposite side to the rotating shaft, and is placed such 5 
that the center of the gravity by these is on the rotating 
shaft of the suspension arm, so that it is possible to ob- 
tain rapid responsiveness of the head. 

(Embodiment of Dielectric Recording / Reproducing 10 
Apparatus) 

[0099] The embodiment of the dielectric recording / 
reproducing apparatus of the present invention will be 
explained with reference to FIG. 8 to FIG. 10. FIG. 8 is 15 
a schematic diagram showing a structure example of the 
dielectric recording / reproducing apparatus using the 
first embodiment of the dielectric recording medium unit. 
FIG. 9 is a schematic diagram showing a structure ex- 
ample of the dielectric recording / reproducing appara- 20 
tus using the second embodiment of the dielectric re- 
cording medium unit. FIG. 10 is a block diagram show- 
ing the structure of a circuit block of the dielectric record- 
ing / reproducing apparatus. 

[0100] As shown in FIG. 8, in the dielectric recording 25 
I reproducing apparatus 7 having one probe 11, a re- 
cording signal input device 31 and an Alternating Cur- 
rent (AC) signal generation device 32 are connected by 
a switch 30 for switching an input signal in recording / 
reproducing to the dielectric recording medium unit 3 30 
when recording, and thus recording signal (record data) 
outputted form the recording signal input device 31 is 
supplied to the electrode 16 of the dielectric recording 
medium 20. On the other hand, only the AC signal gen- 
eration device 32 is connected when reproducing. 35 
[0101] When recording, a recording signal from the 
recording signal input device 31 is superimposed on an 
AC signal of the AC signal generation device 32, and 
this is supplied to the electrode 16. By an electric field 
between the probe 11 and the electrode 16 generated 40 
by the recording signal, the polarization of a domain of 
the dielectric material 17 just under the probe 11 js de- 
termined. Then, the polarization direction is fixed and 
becomes record data. At this time, the oscillator 13 os- 
cillates at a resonance frequency determined from the 45 
inductor L and the capacitance Cs, and the frequency 
is modulated by the capacitance Cs. This FM-modulat- 
ed wave is demodulated at a FM demodulator 33, and 
this is inputted to a detector 34. Moreover, the AC signal 
from the AC signal generation device 32 is also inputted 50 
to the detector 34. On the basis of the signal, the coher- 
ent detection of the signal demodulated at the FM de- 
modulator 33 is performed to reproduce the recorded 
data. Namely, it is possible to monitorthe recording state 
while recording. 55 
[0102] When reproducing, the recording signal input 
device 31 is disconnected by the switch 30, and only the 
AC signal is supplied to the electrode 16. The oscillator 
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13 oscillates at a resonance frequency formed by the 
inductor L and the capacitance Cs in the domain already 
polarized correspondingly to record data. Therefore, the 
oscillation signal is FM-modulated by the capacitance 
Cs, and this signal is demodulated at the FM demodu- 
lator 33 and is inputted to the detector 34. Moreover, the 
AC signal from the AC signal generation device 32 is 
also inputted to the detector 34. On the basis of the sig- 
nal, the coherent detection of the signal demodulated at 
the FM demodulator 33 is performed to reproduce the 
record data. 

[0103] Incidentally, a coherent detection apparatus 
such as a lock-in amplifier may be used as the detector 
34, for example. Although the recording signal and the 
AC signal can be inputted from the side of the probe 11, 
it is necessary to provide a filter in order to prevent the 
leakage of the signal into the oscillator 13. Moreover, 
the electrode 16 is earthed at this time. 
[0104] FIG. 9 shows the structure of the dielectric re- 
cording / reproducing apparatus 8 as a reproducing ap- 
paratus if there are a plurality of probe 11 . For example, 
in a dielectric recording medium unit 3a, there are three 
probes 11a 11b and 11c, and a dielectric recording me- 
dium 40 has the dielectric materials 1 7a, 1 7b, and 1 7c, 
each of which corresponds to the respective one of the 
probes. 

[0105] AC signals fa, fb and fc are supplied to the re- 
spective electrodes via the inductors La, Lb and Lc, re- 
spectively. Each of the electrodes and the oscillator are 
connected via the respective one of the capacitances 
Ca, Cb, and Cc. The inductors La, Lb and Lc, and the 
capacitances Ca, Cb and Cc form the LC filters with re- 
spect to the oscillator 13 so that the AC signals do not 
have an effect on the oscillator 13. 
[0106] In the case of reproducing, the oscillator 13 os- 
cillates at a resonance frequency formed by the inductor 
L and the capacitances Cs in the domains correspond- 
ing to the respective probes and already polarized cor- 
respondingly to data. Therefore, the oscillation signals 
are FM-modulated by the capacitances Cs, and these 
signals are demodulated at the FM demodulator 33 and 
are inputted to the detector 34. Moreover, the AC signals 
from the AC signal generation devices 32 are also in- 
putted to the detector 34. On the basis of these signals, 
the coherent detection of the signals demodulated at the 
FM demodulator 33 is performed to reproduce the re- 
corded data. Namely, the AC signals fa, fb and fc are 
inputted to the detector 34 to perform the coherent de- 
tection, so that it is possible to divide and output the data 
reproduced by the respective probe. 
[0107] Moreover, it is possible to record data by su- 
perimposing the recording signals to the AC signals fa, 
fb and fc, and applying them to the respective probes. 
In addition, the operation and the function are the same 
as those of the dielectric recording / reproducing appa- 
ratus in FIG. 8. 

[01 08] Next, the system configuration of the dielectric 
recording / reproducing apparatus will be explained with 
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reference to FIG. 1 0. A dielectric recording/ reproducing 
apparatus 5 is constructed such that a dielectric record- 
ing medium unit 4a as shown in FIG. 5, for example, is 
unified with an external apparatus 6 using an attach- 
ment device detachable to the apparatus 6. 
[0109] The dielectric recording medium unit 4a is pro- 
vided with: the dielectric recording medium 20; a head 
41 ; a positioning mechanism 42 and a tracking mecha- 
nism 43 for the head 41; a positioning mechanism 44 
and a spindle mechanism 45 for the dielectric recording 
medium 20; and the oscillator 13. 
[0110] The external apparatus 6 is provided with: an 
interface device 51 for controlling the input / output of 
data and a control signal; a system control device 52 for 
controlling the operation of the whole apparatus; an AC 
signal generation device 53 for generating an AC signal 
used as a signal for coherent detection in recording / 
reproducing; a signal processing device 54 for process- 
ing signals which are reproduced / recorded; a driving 
device 55 for driving the position control and the record- 
ing / reproducing operation of the head 41 and the die- 
lectric recording medium 20; an power supply device 56 
for generating an power supply necessary in the appa- 
ratus; and a memory device 57 for temporarily storing 
data, provided with a semiconductor memory. 
[0111] The dielectric recording medium unit 4a is con- 
nected to the external apparatus 6 by the electrical con- 
nection device 22, allowing the transport of the power 
supply, the reproducing signal, the recording signal, the 
control signal and the like, and can be easily detached 
from the external apparatus 6 by the mechanical con- 
nection devices- 23. By providing the vibration proof 
structure for the mechanical connection devices 23, it is 
possible to cut off the vibration from the external appa- 
ratus 6. The external apparatus 6 may be provided with 
an attachment device for attaching it to other equipment. 
[0112] In an operation of the tracking servo for the 
head 41 , for example, the signal processing device 54 
detects a tracking error signal on the basis of the repro- 
duced signal. The system control device 52 determines 
an actual control amount and transmits it to the driving 
device 55. The driving device 55 generates driving sig- 
nals to drive the positioning mechanism 42 and the 
tracking mechanism 43. 

[01 13] At the signal processing device 54, the format- 
ting and encryption of data to be recorded and the like 
are performed, and the error correction and the decryp- 
tion of the reproduced data and the like are performed. 
[0114] By providing the memory device 57, it is pos- 
sible to temporarily store the data to be recorded input- 
ted via the interface device 51 , and thus it is possible to 
record while trying to adjust recording timing with the 
dielectric recording medium unit 4a. Moreover, it is pos- 
sible to temporality store the reproduced data and out- 
put it to the exterior while considering output timing. 
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Claims 

1 . A dielectric recording / reproducing head (1 ) char- 
acterized in that the dielectric recording / repro- 

5 ducing head comprises: 

a first electrode (11) for applying a high frequen- 
cy signal to a dielectric material (17) of a die- 
lectric recording medium (20); 

10 a second electrode (12) for returning the high 

frequency signal applied to the dielectric mate- 
rial by the first electrode; 
an inductor (L) placed between the first elec- 
trode and the second electrode; and 
an oscillator (13) for generating the high fre- 
quency signal having a frequency determined 
by an inductance of the inductor and a capaci- 
tance including a capacitance (Cs) correspond- 
ing to a nonlinear dielectric constant of the di- 

20 electric material just under the first electrode, 

and 

the first electrode, the second electrode, the in- 
ductor and the oscillator are connected through 
conductive materials. 

25 

2. The dielectric recording / reproducing head (1) ac- 
cording to claim 1 characterized in that the first 
electrode, the second electrode, the inductor and 
the oscillator are assembled in a continuous space. 

30 

3. The dielectric recording / reproducing head (1) ac- 
cording to claim 1 or 2 characterized in that the 
first electrode, the second electrode and the oscil- 
lator are assembled on a single solid substance 

35 (18). 

4. The dielectric recording / reproducing head (1 ) ac- 
cording to any one of claims 1 to 3 characterized 
in that the size of the dielectric recording / repro- 

40 ducing head is smaller than the wavelength of the 
high frequency signal, and said size is smaller than 
30 mm. 

5. The dielectric recording / reproducing head (1) ac- 
45 cording to any one of claims 1 to 4 characterized 

in that, when information is recorded in the dielec- 
tric material (1 7) of the dielectric recording medium 
(20), the first electrode (11) applies a recording sig- 
nal to the dielectric material. 

50 

6. A dielectric recording / reproducing head (2) char- 
acterized in that the dielectric recording / repro- 
ducing head comprises: 

55 a plurality of first electrodes (11a, 11b. 11c) for 

applying high frequency signals to a dielectric 
material (17) of a dielectric recording medium 
(20) respectively; 



11 



21 

a second electrode (12) for returning the high 
frequency signals applied to the dielectric ma- 
terial by the plurality of first electrodes; 
an inductor (L) placed between the plurality of 
first electrodes and the second electrode; 5 
an oscillator (13) for generating the high fre- 
quency signals each having a frequency deter- 
mined by an inductance of the inductor and a 
capacitance including a capacitance corre- 
sponding to a nonlinear dielectric constant of 10 
the dielectric material just under respective one 
of the plurality of first electrodes; and 
a low-cut filter (La, Lb, Lc, Ca, Cb, Cc) placed 
between the oscillator and a signal supply 
source for supplying a plurality of signals to the is 
plurality of first electrodes respectively, and 
the plurality of first electrodes, the second elec- 
trode, the inductor, the oscillator and the low- 
cutfilterare connected through conductive ma- 
terials. 20 

7. The dielectric recording / reproducing head (2) ac- 
cording to claim 6 characterized in that the plural- 
ity of first electrodes, the second electrode, the in- 
ductor, the oscillator and the low-cut filter are as- 25 
sembled in a continuous space. 

8. The dielectric recording / reproducing head (2) ac- 
cording to claim 6 or 7 characterized in that the 
plurality of first electrodes, the second electrode, 30 
the oscillator and the low-cut filter are assembled 

on a single solid substance (18). 

9. The dielectric recording / reproducing head (2) ac- 
cording to any one of claims 6 to 8 characterized 35 
in that the size of the dielectric recording / repro- 
ducing head is smaller than a wavelength of each 
one of the high frequency signals, and said size is 
smaller than 30 mm. 

40 

10. The dielectric recording / reproducing head (2) ac- 
cording to any one of claims 6 to 9 characterized 
in that, when the information is recorded in the di- 
electric material of the dielectric recording medium, 
the plurality of first electrodes apply recording sig- 45 
nals to the dielectric material respectively. 

11. The dielectric recording / reproducing head (1, 2) 
according to any one of claims 1 to 10 character- 
ized in that all of or a part of the constitutional mem- so 
bers of the dielectric recording / reproducing head 
are integrated. 

12. The dielectric recording / reproducing head (1, 2) 
according to any one of claims 1 to 11 character- 55 
ized in that the dielectric recording / reproducing 
head reproduces information recorded in the dielec- 
tric material (1 7) of the dielectric recording medium 



22 

(20) according to a scanning nonlinear dielectric mi- 
croscopy method. 

13. A dielectric recording medium unit (3, 4) character- 
ized in that the dielectric recording medium unit 
comprises: 

a dielectric recording / reproducing head (1); 
a dielectric recording medium (20, 25) provided 
with a dielectric material (17); and 
a package (19) for enclosing the dielectric re- 
cording / reproducing head and the dielectric 
recording medium, 

the dielectric recording / reproducing head 
comprises: 

a first electrode (11) for applying a high fre- 
quency signal to the dielectric material of 
the dielectric recording medium; 
a second electrode (12) for returning the 
high frequency signal applied to the dielec- 
tric material by the first electrode; 
an inductor (L) placed between the first 
electrode and the second electrode; and 
an oscillator (13) for generating the high 
frequency signal having a frequency deter- 
mined by an inductance of the inductor and 
a capacitance including a capacitance (Cs) 
corresponding to a nonlinear dielectric 
constant of the dielectric material just un- 
der the first electrode, and 
the first electrode, the second electrode, 
the inductor and the oscillator are connect- 
ed through conductive materials. 

14. The dielectric recording medium unit (3, 4) accord- 
ing to claim 1 3 characterized in that the first elec- 
trode, the second electrode, the inductor and the 
oscillator are assembled in a continuous space. 

15. A dielectric recording medium unit (3a) character- 
ized in that the dielectric recording medium com- 
prises: 

a dielectric recording / reproducing head (2); 
a dielectric recording medium (40) provided 
with a dielectric material (17a, 17b, 17c); and 
a package for enclosing the dielectric recording 
/ reproducing head and the dielectric recording 
medium, 

the dielectric recording / reproducing head 
comprises: 

a plurality of first electrodes (11a, 11b, 11c) 
for applying high frequency signals to the 
dielectric material of the dielectric record- 
ing medium respectively; 
a second electrode (12) for returning the 
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high frequency signals applied to the die- 
lectric material by the plurality of first elec- 
trodes; 

an inductor (L) placed between the plurality 
of first electrodes and the second elec- 5 
trade; 

an oscillator (13) for generating the high 
frequency signals each having a frequency 
determined by an inductance of the induc- 
tor and a capacitance including a capaci- 10 
tance corresponding to a nonlinear dielec- 
tric constant of the dielectric material just 
under respective one of the plurality of first 
electrodes; and 

a low-cut filter (La, Lb, Lc, Ca, Cb, Cc) *5 
placed between the oscillator and a signal 
supply source for supplying recording sig- 
nals to the plurality of first electrodes, and 
the plurality of first electrodes, the second 
electrode, the inductor, the oscillator and 20 
the low-cut filter are connected through 
conductive materials. 

16. The dielectric recording medium unit (3a) according 

to claim 15 characterized in thatthe first electrode, 25 
the second electrode, the inductor and the oscillator 
are assembled in a continuous space. 

17. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to any one of claims 1 3 to 1 6 characterized 30 
in thatthe dielectric recording medium (25a) com- 
prises a substrate (15) and at least two dielectric 
material membranes (17d, 17e) which are formed 

on one surface and an opposite surface of the sub- 
strate respectively. 35 

18. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to any one of claims 1 3 to 1 6 characterized 
in that the dielectric material (1 7, 1 7a, 1 7b, 1 7c) is 

a ferroelectric material. 40 

19. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to claim 18 characterized in that the fer- 
roelectric material is LiTa0 3 . 

45 

20. The dielectric recording medium unit (3, 3a) accord- 
ing to any one of claims 1 3 to 1 9 characterized in 
that the dielectric recording medium unit further 
comprises a moving device (21) for linearly moving 
either of the dielectric recording medium (20) and so 
the first electrode (11, 1a, 11b 11c) of the dielectric 
recording / reproducing head (1 , 2). 

21. The dielectric recording medium unit (4) according 

to any one of claims 1 3 to 1 9 characterized in that 55 
the dielectric recording medium unit further com- 
prises a rotating device (26) for rotating the dielec- 
tric recording medium (25). 



22. The dielectric recording medium unit (4) according 
to any one of claims 13 to 1 9 characterized in that 
the dielectric recording medium unit further com- 
prises a tracking device (27) for enabling the first 
electrode (1 1 ) of the dielectric recording / reproduc- 
ing head (1) to track an information track recorded 
in the dielectric recording medium. 

23. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to any one of claims 1 3 to 22 characterized 
in that the first electrode (1 1 , 1 1 a, 1 1 b, 1 1 c) of the 
dielectric recording / reproducing head (1, 2) and 
the dielectric material (17, 17a, 17b, 1 7c) of the di- 
electric recording medium (20, 25, 40) are placed 
with a predetermined space (do). 

24. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to any one of claims 1 3 to 23 characterized 
in that a lubricant (38) is provided between the first 
electrode (1 1 , 1 1 a 1 1 b 1 1 c) of the dielectric record- 
ing / reproducing head (1 , 2) and the dielectric ma- 
terial (17, 17a, 17b, 17c) of the dielectric recording 
medium (20, 25, 40). 

25. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to claim 24 characterized in that the lubri- 
cant (38) is an insulating material. 

26. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to claim 24 characterized in that the lubri- 
cant (38) is a fiuorinated lubricant. 

27. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to any one of claims 1 3 to 26 characterized 
in that the package (1 9) is filled with an inert gas 
(24). 

28. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to any one of claims 1 3 to 27 characterized 
in that the package ( 1 9) comprises a vibration proof 
device for cutting off vibration transmitted from the 
outside of the dielectric recording medium unit. 

29. The dielectric recording medium unit (3, 3a, 4) ac- 
cording to any one of claims 1 3 to 28 characterized 
in that the package (19) comprises an electrical 
connection device (22) detachable to another mem- 
ber. 

30. A dielectric recording / reproducing apparatus (5, 7) 
for recording information in a dielectric recording 
medium (20) and for reproducing the information 
from the dielectric recording medium character- 
ized in that the dielectric recording / reproducing 
apparatus comprises: 

a dielectric recording medium unit (3) compris- 
ing a dielectric recording / reproducing head 
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(1 ), the dielectric recording medium (20), and a 
package (19) for enclosing the dielectric re- 
cording / reproducing head and the dielectric 
recording medium; 

an alternating current signal generation device 5 
(32, 53) for generating an alternating current 
signal whose frequency is lower than a frequen- 
cy of a high frequency signal to generate an al- 
ternating electric field in a dielectric material 
(1 7) of the dielectric recording medium; io 
an information processing device (31 , 54) for 
processing the information to be recorded in the 
dielectric recording medium and the informa- 
tion reproduced from the dielectric recording 
medium; 15 
a control signal generation device (52) for gen- 
erating control signals for the dielectric record- 
ing medium unit; and 

a driving device (55) for driving the dielectric re- 
cording medium unit on the basts of the control 20 
signals by the control signal generation device, 
the dielectric recording / reproducing head 
comprises: 

a first electrode (11) for applying the high 25 
frequency signal to the dielectric material 
of the dielectric recording medium; 
a second electrode (12) for returning the 
high frequency signal applied to the dielec- 
tric material by the first electrode; 30 
an inductor (L) placed between the first 
electrode and the second electrode; and 
an oscillator (13) for generating the high 
frequency signal having the frequency de- 
termined by an inductance of the inductor 35 
and a capacitance including a capacitance 
corresponding to a nonlinear dielectric 
constant of the dielectric material just un- 
der the first electrode, and 
the first electrode, the second electrode, *o 
the inductor and the oscillator are connect- 
ed through conductive materials. 



31. The dielectric recording / reproducing apparatus (5, 
8) according to claim 30 characterized in that the 
first electrode, the second electrode, the inductor 
and the oscillator are assembled in a continuous 
space. 

32. A dielectric recording / reproducing apparatus (5, 8) 
for recording information in a dielectric recording 
medium (40) and for reproducing the information 
from the dielectric recording medium character- 
ized in that the dielectric recording / reproducing 
apparatus comprises: 

a dielectric recording medium unit (3a) com- 
prising a dielectric recording/ reproducing head 



45 



so 



55 



(2), the dielectric recording medium, and a 
package for enclosing the dielectric recording / 
reproducing head and the dielectric recording 
medium; 

a plurality of alternating current signal genera- 
tion devices (32a, 32b, 32c) for generating al- 
ternating current signals each having frequen- 
cy lower than a frequency of respective one of 
high frequency signals to generate alternating 
electric fields in a dielectric material of the die- 
lectric recording medium; 
an information processing device (54) for 
processing the information to be recorded in the 
dielectric recording medium and the informa- 
tion reproduced from the dielectric recording 
medium; 

a control signal generation device (52) for gen- 
erating control signals for the dielectric record- 
ing medium unit; and 

a driving device (55) for driving the dielectric re- 
cording medium unit on the basis of the control 
signals by the control signal generation device, 
the dielectric recording / reproducing head 
comprises: 

a plurality of first electrodes (11a 11b, 11c) 
for applying the high frequency signals to 
the dielectric material of the dielectric re- 
cording medium respectively; 
a second electrode (12) for returning the 
high frequency signals applied to the die- 
lectric material by the plurality of first elec- 
trodes; 

an inductor (L) placed between the plurality 
of first electrodes and the second elec- 
trode; 

an oscillator (13) for generating the high 
frequency signals each having a frequency 
determined by an inductance of the induc- 
tor and a capacitance including a capaci- 
tance corresponding to a nonlinear dielec- 
tric constant of the dielectric material just 
under respective one of the plurality of first 
electrodes; and 

a low-cut filter (La, Lb, Lc, Ca, Cb, Cc) 
placed between the oscillator and a signal 
supply source for supplying a plurality of 
signals to the plurality of first electrodes re- 
spectively, and 

the plurality of first electrodes, the second 
electrode, the inductor, the oscillator and 
the low-cut filter are connected through 
conductive materials. 

33. The dielectric recording / reproducing apparatus (5, 
7, 8) according to claim 32 characterized in that 
the plurality of first electrodes, the second elec- 
trode, the inductor, the oscillator and the low-cut fil- 
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ter are assembled in a continuous space. 

34. The dielectric recording / reproducing apparatus (5, 
7, 8) according to any one of claims 30 to 33 char- 
acterized in that the dielectric recording / repro- 5 
ducing apparatus further comprises a semiconduc- 
tor memory (57) for temporarily storing the informa- 
tion to be recorded in the dielectric recording medi- 
um orthe information reproduced from the dielectric 
recording medium. w 
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